INTRODUCTION
Most patterns of geographic variation in allele frequency can be explained by either stochastic or selective processes, depending on the assumptions made about migration and population size (Lewontin, 1974) . However, stochastic explanations can be discounted if the pattern for a particular polymorphism is found to recur across separate patches of a species distribution and across sibling species with similar ecologies. We have previously reported such recurrence for two electrophoretically detectable enzyme polymorphisms shared by the cosmopolitan sibling species Drosophila melanogasler and D. simulans (Anderson and Oakeshott, 1984) . Populations of the two species in both hemispheres show consistent latitudinal dines in the frequencies of shared Est-6 alleles and consistent latitudinal homogeneity for the frequencies of shared Pgm alleles. Notwithstanding the contrasting geographic patterns for the two polymorphisms, we concluded that the consistency of the pattern for each polymorphism across the two hemispheres and the species barrier was good evidence for the action of natural selection. Furthermore, we suggested that the consistency across species indicated similar mechanisms of selection on each polymorphism in the two species.
Here we complete a comparison of latitudinal patterns of variation in both hemispheres and species for quantitative characters concerned with tolerance to environmental ethanol. Ethanol tolerance is one of the very few characters of possible ecological relevance in which the two species have been shown to differ (Parsons, 1983; Anderson, 1985) . In laboratory tests ethanol tolerance is higher in D. melanogaster than D. simulans and it has been claimed that this difference underlies the greater utilisation by wild D. melanogaster of wineries (McKenzie, 1974; Monclus and Prevosti, 1979; Marks et a!., 1980) and high alcohol fruit habitats .
It is presently unclear whether latitudinal patterns of variation in ethanol tolerance differ consistently between the two species. For D.
melanogaster, ethanol tolerance clearly increases with increasing distance from the equator in both the northern and southern hemispheres (David and Bocquet, 1975a; Stanley and Parsons, 1981; Anderson, 1982; Cohan and Graf, 1985) . However, for D. simulans, ethanol tolerance is apparently unrelated to latitude in the northern hemisphere (David and Bocquet, 1975a) , while in the southern hemisphere evidence based on only three populations suggests a latitudinal dine parallel to that for D. melanogaster (Stanley and Parsons, 1981 atitudinal range. We have also screened these populations for two characters thought to contribute to ethanol tolerance, namely weight (Oakeshott and and the activity of the enzyme alcohol dehydrogenase (ADH; Gibson . MATERIALS 
AND METHODS
The 20 localities from which the experimental populations were collected were Mt. Molloy were established from each collection, giving a total of 97 isofemale lines. The assays described below were carried out after these lines had spent four or five generations in the laboratory. Generally two replicate cultures of each isofemale line were assayed. All assays were carried out on adults aged six to eight days since emergence at 22°C.
ADH activity was assayed in one homogenate of about 20 weighed adult males from each replicate culture. The assay utilised 2-propanol as a substrate and followed the method and standard conditions of Chambers et a!. (1981) .
Ethanol tolerance was estimated for two cohorts of up to 50 flies for each sex from each replicate culture. The two cohorts were tested on standard medium supplemented with 35 per cent and 5 per cent ethanol respectively. Flies were left on the ethanol food for 7 days, after which time the survivors and casualties were counted. The number of replicate cultures assayed for tolerance was smaller for males than for females, due to the use of many males in the ADH activity assays above.
The six variables to be analysed were thus the weight of adult males, ADH activity in adult males, the survival percentages of females on 35 per cent and 5 per cent ethanol (F35 and F5), and the survival percentages of males on 35 per cent and 5 per cent ethanol (M35 and M5). Before statistical analysis, weight and ADH activity were logarithmically transformed and the tolerance variables were angularly transformed. However, there was considerable variation in ADH activity among lines, the largest value being 27 times that of the smallest. The ADH activity variation was significant among lines within populations but not among populations. Ethanol tolerance also varied considerably among lines, for example from 12 per cent to 100 per cent for the least severe test, F35. Again there was no significant variation among populations. However, simulans populations by Parsons and Stanley (1981) , who found that tolerance in one southern collection was greater than the average in two more northerly collections.
Our failure to repeat the earlier observation cannot be explained simply by suggesting that ours were less sensitive methods of measuring tolerance. Our methods, which assess percentage survival on ethanol impregnated media, have successfully detected latitudinal variation in the tolerance of Australian populations of D. melanogaster (Anderson, 1982) . And conversely, the methods of Stanley and Parsons (1981) , which assess the effects of ethanol vapour on longevity, are similar to those used elsewhere to demonstrate latitudinal homogeneity of tolerance among populations of D. simulans in the northern hemisphere (David and Bocquet, 1975a) . On the basis of its much larger sample size, we therefore conclude that the present study provides a more reliable description of the geographic distribution of tolerance in Australian D. simulans.
Results for both hemispheres are now con- melanogaster, which shows consistent latitudinal dines for tolerance in both hemispheres (David and Bocquet, 1975a; Stanley and Parsons, 1981; Anderson, 1982; Cohan and Graf, 1985) . The consistent dines in D. melanogaster suggest that ethanol tolerance in this species is subject to natural selection. However, it is clear that if selection is acting on ethanol tolerance in D. simulans, the selective constraints on tolerance are different to those in D. melanogaster. This is consistent with the facts that D. melanogaster is relatively more abundant in wineries and high ethanol food habitats (McKenzie, 1974; Monclus and Prevosti, 1979;  Marks et a!. , 1980; and shows much greater overall levels of ethanol tolerance (Parsons, 1983) .
Moreover, there are striking parallels in the species differences for ethanol tolerance and ADH activity. The latter character also shows much higher mean values in D. melanogaster than D. simulans, increases with increasing latitude in D. melanogaster in both hemispheres, and is unrelated to latitude in D. simulans in both hemispheres (Anderson, 1982; Oakeshott eta!., 1982; 1985 and the present study (David and Bocquet, 1975a; 1975b) , four chromosome inversions (Knibb, 1982) , six enzyme polymorphisms (Oakeshott et a!., 1984) , ethanol tolerance and ADH activity (Anderson, 1982; Cohan and Graf, 1985) , and possibly also lethal and semi-lethal genes (Ives, 1945) . In contrast, the only example to date of latitudinal associations recurring across continents in D. simulans involves alleles of the Esterase-6 enzyme locus (Anderson and Oakeshott, 1984) .
Latitudinal variation in body size and weight has been recorded for D. simulans in the northern hemisphere (David and Bocquet, 1975a; 1975b) but the present study reveals no such pattern south of the equator.
There is already evidence that D. simulans shows less genetic variation within populations than D. melanogaster for some morphological characters (David and Bocquet, 1975a; 1975b; Anderson, 1985) , and for inversion (Ashburner and Lemeunier, 1976) and allozyme (Gonzalez et a!., 1982; Anderson, 1985) polymorphisms. The results summarised above suggest that D. simulans also shows less systematic variation between populations than D. melanogaster. This could reflect different adaptive responses to environmental variability, D. melanogaster being more likely to segregate differently adapted genotypes and D.
simulans having greater developmental flexibility (Parsons, 1983) . However, the little experimental evidence available suggests that this is not the case; D. simulans in fact shows less developmental flexibility under various temperature regimes (Levins, 1969; McKenzie, 1978 ). An alternative explanation for the lower level of genetic variation between populations of D. simulans is that migration rates are higher in this species; however we are unaware of any data to test this proposition.
